T he transsphenoidal approach to the sellar region has long stood as the primary method used to access the pituitary gland, due to its high efficacy and low morbidity rate, even with large lesions.
CSF leaks, thereby minimizing the risk of associated tension pneumocephalus or meningitis. 5 Evidence has shown that fat and/or fascia grafts harvested from the patient's abdomen or thigh are effective tools to control leaks that are identified intraoperatively and may obviate the need for lumbar drainage. Autologous grafting to reconstruct the floor of the sella turcica is not usually necessary unless an intraoperative CSF leak is encountered or there is evidence of a thin diaphragma sellae or extensive arachnoid herniation. 6, 21 We report our longstanding institutional experience and the effectiveness of a fat or fascial apposition graft to repair sellar defects in cases in which an intraoperative CSF leak is identified, paying special attention to the incidence and outcomes of postoperative CSF leaks.
Methods
All investigations were approved by the institutional review board of the Keck School of Medicine of USC (the University of Southern California). A retrospective medical chart review of 1002 cases of sellar region lesions (confirmed by pathology) treated by direct transsphenoidal approaches between December 1995 and March 2016 at USC was performed. Cases in which extended approaches were used were excluded from the analysis. There was no empirical use of intraoperative lumbar drainage. A Valsalva maneuver up to 40 mm Hg was performed intraoperatively to assess for CSF leakage in each case. The fat and fascia used to repair the intraoperative leaks were harvested from the abdomen or lateral thigh. In most cases, the sella was packed with a fat graft and the sellar floor was reconstructed using a 2-layer fascial apposition method, as described by Couldwell et al. 6 Postoperative fluid leaks upon provocation testing that were concerning for a CSF leak were confirmed with beta 2 transferrin. Patient demographic characteristics, tumor type, intraoperative leak rate, graft type, and postoperative leak rate and other postoperative complications were recorded.
A literature review of all articles published in the English language regarding a direct approach to endonasal, endoscopic, transsphenoidal surgery was performed with specific focus on postoperative CSF leak rates. Incidence of postoperative CSF leaks, intraoperative repair method, and other complications were recorded. Studies analyzing both direct and extended surgical approaches were excluded unless the results were reported such that the patients undergoing the direct approach could be discerned from the extended approach.
Results
One thousand two patients who underwent transsphenoidal surgery were identified in our database. There were 462 lesions (46.1%) with diameters < 1 cm and 491 lesions (49.0%) with diameters ≥ 1 cm, while 49 (4.89%) records lacked lesion size. The preoperative diagnosis was nonfunctional adenoma in 551 cases (55%), growth hormone (GH)-secreting adenoma in 123 (12.3%), prolactinoma in 84 (8.4%), adrenocorticotropic hormone (ACTH)-secreting adenoma in 97 (9.7%), Rathke's cleft cyst in 94 (9.4%), and other lesions in 53 (5.2%) ( Table 1) .
Three hundred seventy-five patients (37.4%) underwent intraoperative repair of an identified CSF leak with abdominal fat, fascia, or both. Of these patients, 161 (42.9%) had lesions ≥ 1 cm and 201 (53.6%) had lesions < 1 cm; 13 (3.5%) records lacked recorded lesion size. Additionally, 99 (26.4%) patients had hormonally active lesions, and 233 (62.1%) had nonfunctional pathology (p < 0.005). The remaining 43 patients were diagnosed with other pathologies. An additional 92 patients (9.18%) had empirical/ preventive sellar reconstruction without evidence of an intraoperative CSF leak. Thus a total of 467 patients (46.6%) underwent intraoperative graft placement with either autologous fat, fascia, or a combined graft. In 267 (57.2%) of these 467 cases, a fat graft alone was used; in 88 cases (18.8%), a combined fat/fascia graft was used; and in 1 case (0.2%), collagen dural substitute allograft was added to the combined graft. In 535 (53.4%) of the patients in this case series there was no evidence of intraoperative CSF leak and no graft was placed.
Of the 1002 patients who underwent transsphenoidal resection of a pituitary lesion, postoperative CSF rhinorrhea developed in 26 (2.59%). Of the 535 patients who were not noted to have an intraoperative leak and in whom no sellar repair was performed, 13 (2.42%) developed a leak in the postoperative period. The remaining 13 leaks occurred among the 375 patients who developed an intraoperative leak and underwent sellar repair (3.47% of that subgroup). Among these 13 patients with failed repairs, 7 had undergone intraoperative fat and fascia grafting while in the remaining 6 cases only fat was used. Of the 467 patients who underwent intraoperative graft placement, 13 developed postoperative rhinorrhea (2.8% repair failure rate). None of the 92 patients without intraoperative CSF leakage who underwent preventative sellar floor repair developed postoperative CSF leakage (Table 2) .
Reoperation for CSF leak repair was required in 8 patients (0.8%). Eight patients were successfully managed by temporary lumbar drainage alone, and the remaining 10 patients underwent serial lumbar punctures with resolution of CSF rhinorrhea.
In this series of patients, there were no cases of pneumocephalus or intraoperative mortalities. Meningitis occurred in 5 patients (< 1.0%), 3 of whom had corresponding CSF leaks. One patient (0.08%) died in the 1st postoperative week of a pulmonary embolus after discharge from the hospital. One patient died of acute respiratory distress syndrome in the setting of severe sepsis. 
Discussion
Transsphenoidal surgery is the standard treatment for sellar lesions, made popular by its high success rate and relatively low morbidity rate. 6, 7 One of the most common postoperative complications following transsphenoidal surgery for sellar region lesions is CSF leakage, which has reported to occur in up to 15% of cases (range 0.8%-15%), with most authors citing an incidence rate of 1%-4%. 2,4-9, 11,12,15-19,22,23,25 Recent advancements and new techniques (e.g., the pedicled nasoseptal flap) have significantly decreased the number of intraoperative and postoperative CSF leaks, which in turn have decreased other serious complications such as pneumocephalus and meningitis. 13 The current study reviewed the 20-year experience in 1002 patients at a single institution using a combination of fat/fascial apposition repair techniques, leading to an overall postoperative CSF leak rate of 2.6%. In this series of cases, the reoperation rate for CSF leak repair was 0.8%.
The other salient finding resulting from this study is that 50% of all postoperative CSF leaks (13 of 26 leaks) developed in patients in whom there was no intraoperative identification of a leak and in whom no sellar floor repair was performed. This implies that in patients who were noted to have a postoperative CSF leak without identification of an intraoperative CSF leak, the leak was either not identified or developed in a delayed fashion. In the 92 patients who underwent sellar repair without identification of an intraoperative CSF leak, there were no cases of postoperative rhinorrhea.
Other authors have reported the routine use of lumbar drainage or lumbar fenestration with intrathecal fluorescein administration for routine pituitary surgery. 17, 20 Although an argument for routine utilization of intrathecal fluorescein can be made based on the fact that half of our postoperative CSF leaks were not identified intraoperatively, it remains impossible to discern which leaks were missed during surgery and would have been identified if fluorescein were employed, versus those that developed in a delayed fashion (e.g., upon extubation). Based on our low incidence of postoperative CSF rhinorrhea (2.6%) and our even lower incidence of repeat surgery for leak repair (0.8%), we do not feel that routine use of lumbar drainage or fluorescein is warranted for direct approaches to the sella (nonextended approaches). For extended approaches, we often use a fascial apposition repair in conjunction with lumbar drainage and a pedicled nasoseptal flap.
For many years, neurosurgeons have opted to reconstruct the floor of the sella turcica using autologous fat, fascia, muscle, turbinate grafts, or synthetic products following transsphenoidal surgery in an effort to minimize and prevent postoperative leakage. 1, 3, 4, [8] [9] [10] [11] [12] [14] [15] [16] 18, 19, 23, 25 Recently, authors have argued that planned reconstruction in all patients was unnecessary and that results were comparable if sellar defect repair was only performed in patients with evidence of an intraoperative leak. 6, 21, 24 This avoided second incisions in the abdomen and lowered both hospital stay and complication rates.
Incidence of CSF Leak and Repair
Most authors would agree that the most effective way to prevent a postoperative leak is to identify CSF leakage intraoperatively. 17 The most effective form of intraoperative management, however, is still widely debated. Numerous studies have been published regarding the utilization of the direct endoscopic endonasal transsphenoidal approach for pituitary lesions. 1, 3, 4, 8, 9, 11, 12, [15] [16] [17] [18] 21, 23, 25 Studies have focused on operative technique, outcomes, and complications, with the majority of studies reporting incidence rates for postoperative CSF leak ranging from 0.6% to 12.1% (Table 3 ). The majority of intraoperative CSF leak repair strategies have used a combination of autologous fat or fascial grafts, synthetic dural grafts, and mesh devices with varying degrees of success.
Cappabianca et al. 3 reported the surgical outcomes for 146 cases of pituitary adenomas, the majority of which were macroadenomas, with an overall postoperative CSF leak incidence of 3.7%. There was no mention of intraoperative repair methods of CSF leaks. Similarly, Charalampaki et al. 4 and Dallapiazza et al. 8 reported large case series of 134 and 90 pituitary adenoma resections, respectively. Incidence of postoperative CSF leak was reported to be 3.3% in the series by Charalampaki et al., and 2.5% in the series by Dallapiazza et al. Again, no description of intraoperative CSF leak repair was provided. Mehta and Oldfield 17 suggested that placement of a lumbar drain to minimize tension of the arachnoid is effective in reducing intraoperative CSF leak by 52%, although the rate of postoperative CSF leaks did not differ between the patients who received a lumbar drain and those who did not. Sciarretta and colleagues 21 reported on 665 patients who underwent resection of pituitary adenomas and only had fat and mucoperiosteum grafts placed if leaks were identified intraoperatively. In their study, 128 patients (19.2%) required intraoperative repair of a CSF leak and 11 (8%) required repair of a postoperative CSF leak.
Frank et al. 11 used nasal packing in the event of intraoperative CSF leakage in a series of 380 patients, the majority of which had macroadenomas, with a leak rate of 1.2%. Dehdashti et al. 9 reported the results of 200 cases, mostly of macroadenomas, in which autologous fat and fascia grafts were used in the event of intraoperative CSF leak; postoperative leaks occurred in 3.5% of cases. Similarly, Berker et al.
1 reported a 1.3% incidence of postoperative CSF leak with autologous fat and fascia grafts. Messerer et al. 18 reported the outcomes of 82 cases (lesion sizes were not reported), citing a 12.1% incidence of postoperative CSF leak using the autologous fat and fascia grafts in addition to a synthetic dural graft. Zhan et al.
25 experienced a 3.9% incidence of postoperative CSF leak with the ad- dition of synthetic dural grafts to autologous fat and fascial grafts. Gondim et al. 12 also used the autologous fat and fascial graft, with the addition of a nasoseptal flap in the majority of cases. The overall incidence of postoperative CSF leak was noted to be 2.6% across 301 pituitary adenomas, the majority of which were classified as macroadenomas. Wang et al. 23 reported the largest known case series of pituitary lesions, with a total of 1166 cases, 921 of which were classified as macroadenomas. Intraoperative CSF leaks were repaired with the use of Duragen (Integra), overlying Duraform (DePuy Synthes), and BioGlue (CryoLife). The overall incidence of postoperative CSF leak was 0.6%. Magro et al. 16 reported the results of 300 cases of pituitary lesions in which intraoperative CSF leaks were repaired by means of either a titanium mesh with dural substitute or autologous fat and fascia grafts. The incidence of postoperative CSF leaks was noted to be 2.7%.
Present Series
In our series of cases, an apposition graft was placed in every instance of an identified intraoperative leak. In 92 patients, an intraoperative graft was placed in the absence of CSF leakage, usually in cases of large exposure or herniation of the arachnoid. The incidence of intraoperative leak was 37.4%, and the postoperative leak incidence was 2.6%. Patients with identified intraoperative leaks underwent graft placement with fat, fascia, or both. Of these 375 patients who underwent graft placement, only 13 patients developed a postoperative CSF leak, indicating a 96.5% success rate on first attempt. Graft failure occurred in 2.8% of patients, and the remaining 13 patients developing postoperative CSF leaks were not identified to have intraoperative CSF leaks and did not undergo graft placement. Among the patients with a "missed" diagnosis of intraoperative leak, it is unknown whether the postoperative leak can be attributed to delayed leak development or the presence of an unrecognized intraoperative leak, despite not being apparent during intraoperative Valsalva maneuvers. Seven of these patients had a macroadenoma with visible arachnoid at the time of closure, supporting the hypothesis that there was a delayed leak. Nevertheless, 8 patients in our series required a reoperation, another 8 were managed by lumbar drain placement alone, and the remaining 10 were treated with serial lumbar punctures, indicating that despite missing a small percentage of intraoperative leaks, the current method is superior to others currently practiced.
Other Complications
In addition to a low rate of CSF leakage, there was no increased incidence of meningitis (< 1.0%) in this series when compared with the literature. 1, 22 In a study of 570 patients, Berker et al. 1 reported an overall complication rate of 12.1%. In their series, there were 5 cases of meningitis (0.8%). Similarly, in a study by Persky et al., 19 there were 3 cases of meningitis (0.82%). The overall incidence of meningitis after transsphenoidal pituitary resection ranges from 0% to 9%, indicating that the incidence of meningitis in this series is consistent with, if not lower than that reported in the literature.
1,22,24
The death rate in this series (0.2%) was lower than that reported in the literature. In the meta-analysis of 821 patients, the overall mortality rate was 0.24% 22 while another study of 354 patients reported an overall mortality rate of 0.8%. 19 Our results are consistent with the literature, indicating no increased risk of mortality with our proposed technique. We acknowledge that this review was retrospective and therefore limited in scope.
Conclusions
Our surgical series is among the largest studies of CSF leak incidence in patients undergoing direct endonasal transsphenoidal surgery to date. Our data suggest that prevention and identification of CSF leakage may be as critical an issue as intraoperative CSF leak repair. Additionally, based on our findings, we recommend using an intraoperative graft or other mechanism of repair if extensive arachnoid herniation is evident following tumor resection, even without identification of an overt intraoperative CSF leak. Finally, our data demonstrate that if an intraoperative leak is identified, the fat/fascial apposition method is extremely effective in successfully repairing the defect and preventing postoperative CSF leakage and other complications.
